The bulk chemical composition of 257 argillaceous sediments from cores around the Japan Trench which were drilled during Legs 56 and 57 was determined and examined. These samples are generally enriched in SiO 2 and impoverished in MnO, compared with typical pelagic sediments. SiO 2 is negatively correlated with other oxides. Statistical treatment of data shows that pure silica varies inversely with TiO 2 and A1 2 O 3 . The silica was derived mainly from planktonic siliceous organisms such as diatoms and radiolarians. Siliceous tests of these organisms disappear during progressive diagenesis, but the resolved silica redeposited in the sediments and the total silica content of the sediments remain constant. Higher SiO 2 in some samples may be due to increased volcanic glass content. On the west slope of the trench, much ferric iron was deposited but not oxidized. In contrast to iron, manganese originally present in the sediments was apparently reduced and not precipitated in this hemipelagic region. Abundant land-derived organic materials maintain a weakly reducing environment within the sediment, which permits the precipitation of ferric iron but not of manganese. The mutual relationship of conservative elements such as SiO 2 , TiO 2 , and A1 2 O 3 indicates that sediments of the west slope of the trench were derived mostly from the land area to the west and that the original materials were chemically homogenized and diluted by biogenic silica. In contrast, the chemistry of core from the trench outer slope (Site 436) shows a vertical trend: SiO 2 progressively decreases downhole, whereas MnO and the Fe 2 O 3 /FeO ratio increase significantly. The deeper samples are very similar to the pelagic sediments from the Pacific Plate, whereas upper samples resemble the trench inner slope sediments. The vertical trends at this site are plausibly explained by the progressive movement of the ocean plate toward the Japan Trench. When the oceanic plate was in the Central Pacific Ocean, much MnO and Fe 2 O 3 were deposited under an oxidizing environment with slow sedimentation, owing to the paucity of organic materials. As the ocean plate moved westward, nearer to the Japanese Islands, hemipelagic sediment derived from these islands were deposited over the pelagic sediments.
INTRODUCTION
of the 257 samples drilled during Legs 56 and 57 was determined and examined in this context. The Japan Trench-island arc system is a typical ex-
The chemical aspects of argillaceous sediments from ample of plate convergence accompanied by subduction piston 'cores around the Japanese Islands have already of oceanic plate beneath the continental plate. The been published (Sugisaki, 1978 (Sugisaki, , 1979 ; Sugisaki and Honchemical feature of sediments in the trench can be one za, in press; Sugisaki, in press a). Here I compare the of the most important keys to an understanding of the data of Legs 56 and 57 with those from several regions subduction mechanism. The bulk chemical composition around the Japanese Islands and attempt to place some chemical constraint on models for the observed sediment chemical variations in the DSDP sites.
cations in the core, and they may be responsible for the high MnO content at this site. Furthermore, Okada (this volume) described micritic calcareous nodules from this site. They are enriched in manganese and iron. Samples with high total iron and MnO content may indicate incipient formation of manganiferous calcareous nodules, although the MnO/total Fe ratios are considerably different from those of the calcareous nodules described by Okada. Table 2 indicates the high SiO 2 content in sediments at each site of the west slope of the trench, some of the samples containing 80 per cent SiO 2 . This value is high when compared with average pelagic sediments from the Pacific Ocean, with argillaceous sediments near the Japanese Islands (Table 3) , and with typical shales. Plausible explanations for the chemical characteristics are (1) source materials inherently high in silica and (2) excess silica deposited along with the sediments.
ORIGIN OF EXCESS SILICA
In order to examine the possibilities, correlation coefficients between SiO 2 and other oxides were calculated for each site (Table 4) . SiO 2 correlates negatively with other oxides. The coefficients for A1 2 O 3 and TiO 2 are conspicuous. The relation of SiO 2 versus A1 2 O 3 at Site 438 is shown in Figure 2 . The regression line calculated by the least squares method is SiO 2 = 100.1 -2.12A1 2 O 3 . This formula gives 100.1 per cent of silica when A1 2 O 3 is absent. The regression lines calculated in the same way for each site give SiO 2 values between 99 and 101 per cent, except for Site 436, where A1 2 O 3 is absent (Table  5) . Considering the analytical error, the range of SiO 2 is surprisingly narrow. This indicates that pure silica from a separate source is diluting A1 2 O 3 during sedimentation, because the igneous and metamorphic rocks as well as the typical sedimentary rocks regarded as source materials of the sediments do not have the same relation between A1 2 O 3 and SiO 2 . The regression line at Site 436 is different from those at the other sites, which will be discussed later.
Percentages of SiO 2 for Site 438 when other oxides are absent were calculated from the regression lines for each oxide versus SiO 2 by the same method as for A1 2 O 3 (Table 6 ). Each value of SiO 2 for TiO 2 , A1 2 O 3 , FeO, MgO, and K 2 O approximates 100 per cent, whereas that for Fe 2 O 3 , MnO, CaO, and P 2 O 5 is much lower than 100 per cent. This implies that the excess silica was simply added to the elements of the first group but that the elements in the second group coprecipitated with silica. The precipitation of Fe 2 O 3 and MnO will be discussed later.
The origin of the excess silica may be explained in terms of (1) acidic glass ejected from active volcanoes, (2) precipitation of siliceous organisms, and (3) inorganic precipitation of silica from sea water. The description of the drilled cores (site chapters, this volume, Pt. 1) shows the presence of significant amounts of such siliceous organisms as diatoms, sponges and radiolarians. The percentages of these organisms were not determined in the samples for chemical analyses. The estimates of percentages of these organisms (smear slides; see site Shapiro and Brannock (1955a) . CaCO 3 was calculated from CO 2 content, which was manometrically measured by the method of Shapiro and Brannock (1955b) . Residual materials were calculated by subtracting CO 2 and H 2 O from ignition loss. They may contain sulfur, organic materials, and other components. ®Salt was calculated from water soluble chlorine, assuming that pore water has the same composition as sea water.
Wash core through and interval longer than the core barrel. chapters) at the location nearest to samples selected for chemical analysis were obtained from the core description and plotted against the SiO 2 content (Figure 3 ). The correlation is rather obscure considered over an entire core. If the core is divided into several parts, the correlation between SiO 2 and siliceous organism content becomes clear within each part. This is noteworthy if we remember that the comparison of chemical analyses with microscopic observation was not done within the same sample and that the accuracy of microscopic determinations is usually lower than that of chemical analyses for silica. The correlation strongly suggests that the siliceous organisms are responsible for the higher SiO 2 of DSDP samples in the Japan Trench. Furthermore, in comparison with the upper part of a core, the lower part at any given level of siliceous organism content tends to be higher in silica; namely, the deeper the part in the core, the steeper the correlation line (Figure 3) . The dissolution-redeposition mechanism of silica during the process of the diagenetic maturation of siliceous ooze seems to explain the different slopes of the regression lines. According to the experiments conducted by hydrothermal conditions at 150°C and at room temperature (Kastner et al., 1977) , siliceous tests of radiolarians or diatoms were corroded and silica as opal-CT lepispheres redeposited around them. The rate of diagenesis of siliceous ooze is strongly affected by temperature and time. The degree of diagenesis of marine sediments may be greater at depth. As diagenesis proceeds, the tests of siliceous organisms tend to disappear and the silica from the tests to be redeposited in the sediments. In the process, the total amount of silica in the sediments remains constant. As a result, the regression line on the SiO 2 organisms diagram becomes steeper. Some samples (illustrated by closed circles in Figure 3A ) show higher SiO 2 content in spite of their lower siliceous organism content. These samples contain a great deal of volcanic glass, which may be responsible for the higher silica content. Figure 4 shows the vertical variation of SiO 2 at each site. SiO 2 tends to be higher prior to the late Tertiary. Various types of diatomaceous deposits occur in various horizons of the Neogene strata in such Circum-Japan Sea areas as the Noto Peninsula. Upper Tertiary sediments of the central Japan Sea contain large diatom deposits (Sugisaki, 1979) . From the evidence, we can conclude that the favorable environment for diatom development had prevailed in the Japan Trench as well as in the Japan Sea during the late Cenozoic. Figure 5 shows the relationship between Fe 2 O 3 and total iron as Fe 2 O 3 in samples from Site 438. The slope of the regression line is nearly 1. The regression lines for other sites also have a slope of approximately 1, except for Site 440 (Table 7) , indicating the deposition of ferric This formula was calculated excluding 7 samples of high content of iron (Figure 1) . The formula for all samples at Site 434 is SiO 2 = 106.6 -2.74 AljOj. (Pourbaix, 1963) . Manganese is therefore easily reduced and barely precipitated com- Figure 6 illustrates the relationship among SiO 2 , TiO 2 , and A1 2 O 3 . These elements tend to remain in the resistates and hydrolyzates during sedimentation processes (Rankama and Sahama, 1950) . Because the mutual abundance of these conservative elements probably remains stationary during weathering, the diagram is expected to be helpful in examining sediment sources. Because most samples are contaminated by biogenic silica, only those with A1 2 O 3 content higher than 14 per cent were plotted. The points are located along a line connecting averaged Japanese granites and averaged mudstones from the Chichibu geosynclinal areas. The distribution on the diagram exhibits a striking contrast with that of argillaceous sediments from the Nankai Trough and the Shikoku Basin (Sugisaki, 1978) and the Japan Sea (Sugisaki, 1979 , in press a). The points from these regions are located between averaged Japanese granites and averaged Quaternary volcanics. The Kitakami high- lands, which are the hinterland of the area of Legs 56 and 57, are composed mainly of granites and Chichibu geosynclinal sediments. This suggests that the sediments derived mainly from the land area to the west, comprising the Kitakami and Abukuma highlands, Hokkaido, and other land areas, and that the original materials, which were chemically homogeneous, suffered subsequent contamination by biogenic silica. Many samples contain volcanic glass, as previously stated. Since the composition of the glass was not determined, only the samples with a volcanic glass content greater than 60 per cent and at a location nearest to the samples selected for chemical analyses were plotted on the diagram. These points deviate from those of the closed circle samples and move toward the SiO 2 apex of the diagram. The high content of SiO 2 in some samples may be due partly to high amounts of volcanic glass. Figure 6 . Katada et ai, 1977] , V = quaternary volcanic rocks [769 analyses, Sugisaki, 1970] .)
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CHEMICAL TREND AT SITE 436
Core recovered from Site 436, on the east slope of the Japan Trench, displays a striking chemical variation from cores from the west slope. As sample depth increases, SiO 2 content decreases, whereas the MnO content and Fe 2 O 3 /FeO ratios increase noticeably. The MnO content of the three deepest samples is almost 2.5 per cent, or about 50 times as high as the upper part of the core. The deep samples characterized by high MnO and Fe 2 O 3 content and low SiO 2 content are closely similar if not identical to the pelagic sediments from the Pacific Ocean listed in Table 3 . By contrast, the upper part of the core is chemically similar to the west slope sediments, which derived from the Japanese Islands and were contaminated by the biogenic silica.
The SiO 2 -TiO 2 -Al 2 O 3 diagram in Figure 7 illustrates that samples from the upper part of the section (Holocene to late Miocene) derive mainly from the same area as for the west slope sediments (cf. Figure 6 ), whereas samples from the lower section (Miocene and older) deviate downward, indicating different sources for deeper and shallower sediments.
The vertical tendency of the core at Site 436 can be explained by the movement of the ocean plate. The MnO content was plotted against the absolute age of each sample, which was tentatively assigned by the interpolation of the paleontological age of the core (Figure 8) As the ocean plate moved westward and approached the Japanese Islands, the tremendous volume of hemipelagic sediments, containing much organic material derived from the islands, gradually deposited over the original pelagic sediments. The continuous movement at a uniform rate of the plate toward the Japanese Islands gave rise to the chemical trend exemplified by the progressive change of MnO. CONCLUSIONS It should again be emphasized that the sediments on the west slope of the Japan Trench were derived chiefly from the Japanese Islands and were accompanied by the precipitation of biogenic silica and ferric iron. Deeper sediment overlying oceanic crust (Site 436) consists of typical pelagic material which was conveyed by the plate movement from the East Pacific Ocean. From the viewpoint of plate convergence, the upper part of the subducted oceanic lithosphere is generally assumed to have accreted to the inner trench slope via offscraping (e.g., Karig and Sharman, 1975) . But the picture is by no means as simple as it was once thought to be (e.g., Scholl et al., 1977) . If the offscraping of the oceanic plate is the dominant process at a convergent margin, a significant amount of deep oceanic pelagic sediment scraped off the plate should be contained in the accreting wedge. Yet the present study presents conflicting evidence. No pelagic sediments were geochemically detected in the trench inner slope deposits, though the possibility re- mains that pelagic sediments occur at greater depths, under the trench inner slope, and that the present drilling cores did not reach those depths. When we remember that typical pelagic sediments occur at the outer slope of the trench, as observed at Site 436, it seems likely that much of the pelagic sediment is subducted without being offscraped as suggested by volume calculations (e.g., von Huene, Nasu, et al, Site 441 chapter).
